he adult respiratory distress syndrome ( ARDS ) Tis a major cause of acute respiratory failure (ARF) seen in intensive care units. ARDS is a clinical and pathologic entity characterized by pulrnonary edema which occurs in the presence of normal left atrial and pulmonary venous pressures.' It can be caused by a large number of insults to the lung and the diagnosis is suggested when a patient presents to the hospital with acute dyspnea, severe hypoxemia, diffuse alveolar infiltrates on the chest roentgenogram and a clinical history compatible with noncardiogenic pulmonary edema. However, differential diagnostic problems occur because acute left ventricular failure ( L V F ) can present with a similar constellation of findings. Furthermore, ARDS and LVF may coexist. Unfortunately, in the critically-ill patient with acute respiratory failure, it is often difficult to separate the contributions of heart disease and pulmonary disease to the clinicalpathophysiologic events o b s e r~e d .~ Not only are the symptoms and signs of LVF masked or simulated by ARDS, but also the results of the usual laboratory methods are difficult to interpret. Yet the ability to ' We have studied 14 patients with ARDS, in whom LVF was suspected, to determine: (1) whether LVF does occur in the setting of ARDS with any significant frequency; and, if so, ( 2 ) whether patients with LVF can be separated from those who do not by using the standard clinical and laboratory methods.
In the past year, 55 patients admitted to the medical intensive care unit ( I C U ) in acute respiratory failure have had bedside right heart catheterization through use of the flow-directed, balloon-tipped catheter developed by Swan, Ganz and Forrester.3 Fourteen of these patients met the following criteria for entry into this study: ( 1 ) they were admitted to the ICU for the management of ARDS. ARDS was diagnosed by a history of rapid onset of dyspnea, with or without a recognizable initiating event; the presence of diffuse alveolar infiltration on chest roentgenogram; and arterial blood gas analyses indicating severe hypoxemia. (Pa02 below 50 mm Hg on room air or a markedly widened A-a02 gradient on supplemental oxygen). ( 2 ) None had a significant history of heart disease, and none had electrocardiographic or serum enzyme changes compatible with acute myocardial infarction. Those patients thought by the admitting physicians to have primarily myocardial disease causing pulmonary edema are, at our institution, admitted directly to a myocardial intensive care unit, and were, therefore, excluded from this study.
The Swan-Ganz catheter was inserted into an antecr~bital vein, either by "cut down" or via a 14-gauge intravenous catheter ( Intramedicut-Shenvood Medical Industries, Inc, St. Louis, Lfo) and was advanced, under pressure-nlonitoring, to a pulmonary artery wedge (PAW) position. Correct place- ment \vas verified by the characteristic phasic contour, and the pressure \vas averaged over at least three respiratory A review of all cases admitted to the ICU revealed four additional patients who fit the criteria for study but did not receive right heart catheterization for logistic reasons. These patients were not included in this analysis.
Of the 14 patients ( Fig 1 ) , ten had a PAW pressure below 12 mm Hg and were classified as not having LVF. The range of PAW pressure was 2.0 to 9.5 mm Hg with a mean of 5 mm Hg. Four patients were classified as having LVF based on a wedge pressure above 12 mm Hg. The range of PAW pressure in these four patients was 15 to 23 m m Hg; the mean, 20 mm Hg.
The patients' ages ranged from 16 to 72, with a median of 39.5 years. The sex and age distributions in the failure and nonfailure groups were similar. None of the patients had any significant preexisting pulmonary or cardiac disease ( Table 1 ) . The "final etiologic diagnosis" recorded for each patient was made at the time of discharge or death from the best available information, including the results of the catheterization and of a postmortem study if available. In both the failure and the nonfailure groups the primary etiologies of heroin overdose, renal failure, massive aspiration, and probable viral pneumonia were found.
Findings on physical examination did not permit differentiation between patients with and without LVF ( Table 2 ) . Tachycardia was universal, with a mean heart rate of 125 per minute in both groups. There was no significant difference in the incidence of the signs of right ventricular failure, such as engorged jugular veins, hepatomegaly, and peripheral edema. Diffuse riles were heard in all but three patients. The incidence of cardiomegaly on percussion, and of gallop rhythm on auscultation, were similar in the two groups. Temperature elevation was common in both groups.
While none of the patients in the left ventricular failure group had an abnormal electrocardiogram, five of the patients in the group without LVF had abnormal electrocardiograms. The findings included three with "poor-R-wave progression," two with possible old myocardial infarcts, and one with evidence of left ventricular hypertrophy. Hyperventilation, as reflected by an abnormally low P a , was seen in approximately half the patients in each group; hypoventilation, resulting in an elevated P a was seen in two of the patients in the nonfailure group.
Because all 14 patients were too ill to be moved to the x-ray department, all roentgenograms were taken at the bedside with portable equipment. In seven cases the radiologist felt he could assess heart size. In the group without LVF, two of five were felt to have an enlarged heart; in the group with LVF, one of two. Parenchymal patterns on roentgenogram were of no differential value. The chest roentgeno- gram of patient 14 (Fig 2 ) was taken while the Swan-Ganz catheter was in place. There was a diffuse alveolar-filling pattern, and apparent cardiomegaly. The PAW at this time was 23 mm Hg. The essentially identical chest roentgenogram of patient 7 (Fig 3 ) was taken shortly before catheterization which revealed a PAW pressure of 6.3 mm Hg.
Of the ten patients in the nonfailure group, four did not survive this episode of respiratory failure. All four had postmortem examination. Two (patients 1 and 9 ) had entirely normal hearts, with no evidence of myocardial, valvular, or coronary artery disease. One patient (patient 8 ) , had evidence of an old healed posterolateral myocardial infarct. There was no evidence of recent infarction, left ventricular hypertrophy, or valvular disease. The fourth patient ( patient 3 ) died 16 days after the initial Swan-Ganz catheterization which showed a low normal PAW pressure (3.0 mm Hg ) . Postmortem examination revealed markedly extensive acute bronchopneumonia plus superimposed interstitial fibrosis. A small ( 1 X 2 cm) acute myocardial infarct was found in the posterior wall of the left ventricle. It was estimated to be three to four days old, and was felt to be a result of terminal hypoxia and hypotension. It is of interest that this patient's PAW pressure rose to abnormal levels several days prior to death.
In three of the four patients in the failure group, a decrease of the PAW pressure was noted after the addition of therapeutic modalities suggested by the results of the catheterization, (ie, fluid and salt restriction, diuretics, dialysis or digitalis or both). All three had, at the same time, substantial clinical improvement as shown by a decrease in the roentgenographic infiltrates and an improvement in the patient's ability to oxygenate arterial blood. One of the four (patient 11 ) showed no improvement and died. Postmortem examination revealed severe interstitial pneumonia and extensive, widespread fibrosis of the myocardium.
Patients with the adult respiratory distress syndrome develop edema fluid in the lungs despite normal pulmonary venous pressure.' This pulmonary edema may result from a clear cut toxic or infectious injury to the alveolar-capillary membrane. but often other factors, such as hypoxia, shock, septicemia, endotoxemia, fat embolism and disseminated intravascular coagulation play a primary or contributory role.47 Further, the pathophysiologic consequences of ARDS include severe hypoxemia and tissue hypoxia, and often hypotension and respiratory or metabolic acidosis. Many of these factors may cause myocardial dysfunction. Therefore, even when the events initiating ARDS are clear, the possibility of LVF due to myocardial dysfunction must be considered; and when the events precipitating ARDS are unclear, as is often the case, care must be taken to insure that the patients do not have pulmonary edema of cardiac origin masquerading as ARDS.
The present study has demonstrated that pulmonary venous hypertension is a rather common finding in patients with the adult respiratory distress syndrome. Four of the 14 patients studied (29 pcrcent) had an elevated PAW. The left atrial and pulmonary venous pressure, as measured by the PAW, may become elevated in the normal individual during severe exercise or with other canditions, resulting in greatly increased pulmonary arterial blood flow.8 The former obviously does not apply to our patients. In subjects with normal cardiovascular function, extremely rapid intravenous infusions of large amounts of saline solution will acutely elevate the PAW, but, within 15 to 30 minutes, the PAW will have returned to baseline value^.^ Subjects with depressed myocardial function, on the other hand, will respond to even moderate fluid loads with an increase in the ventricular filling pressure.
The detection of pulmonary venous hypertension in these patients is of more than academic interest because it can influence therapy substantially. For example, digitalis might be used if LVF is present but the use of digitalis is contraindicated in patients -with ARDS alone because it is of no therapeutic value and, indeed, is hazardous. Digitalis has a substantial potential for promoting cardiac arrhythmias in the presence of hypoxemia and electrolyte imbalance.1° Hypoxia is characteristic of ARDS, and electrolyte disturbances are common. In the four patients with elevated PAW pressures, vigorous therapeutic intervention for left ventricular failure (fluid and salt restriction, digitalization, or diuresis or both) led to prompt improvement in three, with resolution of the ARDS picture.
A major objective of this study was to determine whether standard clinical and laboratory< methods could detect LVF in patients with ARDS. Prior to the study, there was a subjective feeling among house officers and staff that this could be accomplished in most patients. We found, however, that even in retrospect, such separation could not be achieved.
The findings associated with right ventricular failure such as engorged jugular veins and enlarged liver were, as expected, positive in a similar percentage of patients in each group. Likewise, those findings which are the consequences of pulmonary congestion and accumulation of fluid in the alveoli, such as rhles on auscultation of the chest, show a similar incidence in the two groups.
More notably the frequency of the findings suggesting left ventricular disease was similar in the two groups. These findings included an enlarged heart on physical examination, gallop rhythms, cardiac enlargement on chest roentgenogram, where it could be evaluated, and electrocardiographic abnormalities.
1'5'~ have made the separation between those with and those without LVF on the basis of the PAW pressure. The reliability of this depends, of course, on the ability of the PAW to accurately reflect left atrial and, therefore (excluding the presence of mitral stenosis), left ventricular end-diastolic pressures. Previous investigations both in normal man and in patients with heart disease, indicate that the PAW pressure does accurately reflect left atrial and left ventricular diastolic press~re.".'~ Sapru and cow o r k e r s l~h o w e d excellent agreement between mean PAW and left ventricular end-diastolic pressures at rest and in exercise in normal subjects, patients with left ventricular enlargement, and during atrial fibrillation. They felt this justified the use of mean PAW pressure as an indirect estimate of LV filling pressure. Indeed, the PAW pressure may be the best available measurement of pulmonary vascular congestion in patients with myocardial dysfunction.14 Data from patients with pulmonary disease also indicate that the PAW accurately reflects the left ventricular end diastolic pressure at both rest and exercise. Lockhard and co-workersI5 studied a small number of chronic bronchitics at rest and at exercise and found the PAW pressure almost identical to Patients with ARDS, such as those in our study, are too ill to have left heart catheterization, unless the study is indicated for clinical reasons. Therefore, no simultaneous PAW and LVED pressure recordings have been obtained in these patients. Nevertheless, there is strong evidence to support the contention that an elevated PAW pressure indicates an elevated LVEDP and left ventricular failure, and is not due to alterations in pulmonary physiology. Stevens and co-workersI7 used the flow directed catheter at the bedside of 30 patients who were critically ill with severe hypoxia, diffuse radiographic infiltrate and hypotension to differentiate between primary pulmonary dysfunction and left ventricular failure. They found the mean PAW pressure of patients who proved at necropsy to have primary pulmonary disease was 7.7k3.4 mm Hg, while the mean PAW pressure of the patients who had necropsy evidence of cardiogenic pulmonary edema was 20.2+3.8 mm Hg. Thus, in that study, as judged by an independent method of analysis ( necropsy data ) , the PAW pressure accurately separated those with. from those without LVF.
In our series, three of the four patients identified as having LVF causing or contributing to their clinical state, responded to the addition of therapy directed toward LVF with decreasing pulmonary infiltrate and improved oxygenation. The one patient who did not respond to such therapy, either clinically or with a decrease of the PAW pressure, proved to have extensive and widespread myocardial fibrosis at postmortem examination. On the other hand, necropsy information available on the four patients in the nonfailure group supported the premortem conclusion, based on the results of catheterization, that there was no element of LVF in these patients.
This study leads us to conclude that a significant proportion of patients presenting to a medical respiratory ICU with adult respiratory distress syndrome have left ventricular failure, as diagnosed by SwanGanz catheterization. The LVF may be primary, or may be secondary to the pathophysiologic changes of ARDS. Based on physical examination, determination of arterial blood gases, and review of the chest roentgenogram and electrocardiogram, no criteria could be developed which c a n separate those with, from those without, LVF. The detection of LVF, by use of catheterization, led to changes in the therapeutic approach which, in most, resulted in clinical improvement.
This study indicates that, until more sensitive, noninvasive techniques are developed, direct hemodynamic measurements provide the only dependable means for detecting LVF in patients with ARDS.
Intelligence of Pigeons
Opinions differ as to the intelligence of the pigeon. Whitman defines intelligence as being not a power, force or faculty, but the capacity to learn. H e says that pigeons are generally regarded as rather stupid creatures, unutterably stupid from some standpoints, oiz, injuring their young, casting the young from the nests, and incubating empty nests; but not altogether stupid, for intelligent capacity does exist since certain acts for which they have a facile intelligence are learned very quickly, but that this capacity is extremely limited in scope. The ability of pigeons to learn "tricks" has been 
